Abstract. Upper Atmosphere Research Satellite tropical wind and constituent measurements are used to estimate an upper limit of mid-latitude to tropical trace gas exchange by examining the phase of the N20/CH 4 ratio with respect to the Quasi-Biennial Oscillation winds. Assuming a simple diffusive model for tropical -mid-latitude exchange in the 20-28 km region, the mixing times are estimated to be at least 18 months, and, we estimate an eddy mixing coefficient of 7x108 cm2/sec. This low mixing rate suggests that if significant chemical mixing into the lower tropical stratosphere occurs, as has been suggested by observational data, then this mixing must take place below 20 km.
The regular modulation of the tropical upwelling vertical velocity by the QBO produces a corresponding modulation of the trace gases distributions within the tropics [Hasebe, 1994] . As will be shown below, the phase relation between the trace gases and the QBO wind can be a sensitive measure of exchange between mid-latitudes and the tropics, and thus can be used to estimate the rate of this mixing between these two regions.
The QBO circulation and tracer transport
Irrespective of the generating mechanism for the QBO, the zonal mean secondary circulation can be diagnosed using the thermal wind and thermodynamic equations. These zonal mean fields are perturbations from the time mean fields denoted by <>. At the equator, the zonal mean perturbation wind, U, associated with the QBO can be related to the zonal mean temperature perturbation, T, through the thermal wind equation,
where k = aR/2H• where R is the dry air gas constant, H is the atmospheric scale height (--7 km), a is the earth's radius, .O is the earth's angular rotation rate, z is log-pressure height (z = H log(po/p) ) where p is pressure and Po is the surface pressure., y is the distance from the equator. If we assume, as is usually done, that all of the QBO perturbation fields have a Gaussian, equator centered, meridional structure with a scale L, e.g. T(y,z) = T(z) exp(-y2/L 2), then at the equator,
The thermodynamic equation may now be used to estimate the vertical velocity of the QBO secondary circulation. The zonal mean QBO perturbation fields are smaller than the zonal mean, time mean fields. Neglecting the vertical transport of heat [Hasebe, 1994] figure. Although the short data record precludes the exact estimate of the phase between the QBO and the change in the N20/CH4 ratio, the phase lag/lead appears to be less than I month through most of the period. At the upper levels (above about 28 km) the phase shift is more difficult to estimate and appears larger.
From the phase relation (6) we compute that a one month phase shift implies a mixing time (l/Otml) of about 18 months assuming a 27 months QBO period. We emphasize that this is the upper limit for the mixing time since the phase shift could be smaller than a month. A longer data record is required for greater precision. The phase relationship between the perturbation of long is a reasonable representation. As a result of this isolation, lived tracer fields and the QBO winds will be affected by the exhaust products deposited into the tropics or entrained below extratropical mixing of trace gases. Using UARS CLAES the QBO region would be isolated from mid latitudes as they are N20/CH 4 ratio, the mixing time estimate is found to be longer lofted by the mean tropical upwelling. 
